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SEMC mammvr ANALYSIS Fﬁﬁ SB’RFACE HY'DEL POWER
‘ STATIONS N COHI‘B!OM.!SS SOmS -
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MRODUCI'ION . -

. Strictures founded on qlopmggrmmd ‘have ddﬁrent depthl of urth ﬂlI on either side of
. the structure, in the plané of the slope. ‘Sutface hydel power stations have edrth fill on three
udes. On the tail race side the depth of earth il is relatively small. LS. 4227, Part IIY (1970)
recommdes a pseudostatic- analysis ‘with eqmvalent static forces to obtain a factor of safety.
. But this factor of safety does not account for the magmtudc of displacemients undergone, -
whio& is important in deﬂnmg tho failure. Moreover, the passive pressure mobilized to resist

' this ’Hbvement also depends on. the magnitude of the dmplacement undergone, which is not
in the analym sugmted by the oode

;otnﬂed clastoplastic two or thres dimensional ﬁnite element method of aunlysos are very
coltly “for many problems. As such, reliable displacement analyses at reasonable costs ‘are
" degirablé. New mark: (1965) initiated the comoept of 'displacement analysis for cohesionless
softs. * This idea 'was further explored by' Séed and Goodmap (1964), Goodman and Seed
{1956) Mitra (1970) and Lavania (1972) for stab:hty ana;lys:s of cohesionless siopes.

ANALYSIS PROI'OSED BY NANDAKUMARAN _;\ND MUKEI.JEE 1978y

. This was propoud for surface hydel power ltatlonu 'with different levels of earth fill on
thohwd race and tail race sndes (Figure 1). The passive soil : m;atanco ‘on .the tail race

b

oo Fls.f Sehmaﬁciwomorsnmhyddpommﬂon
mde was 1dea.hzed by a tnlmou functton as shown inthe Flgure 2./ The reaisting foroes due
zto the passave soxl renstnnoe on thc tml raco s:de and the friotlonsl re.slstance a.t tho base of
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the foundation were conpidered. : The yield nocejeretiod:was dained as thy. acoeleration which
would just overcome the base frictional resistance. The portion of the - design accelerogram’
~.for the sity. outside the thresliold of the yielt acecloration aoting wards the haad race side,
s intograted to obtain the vebocity curve (dnsonge potentisl;. The pesk velocity is assumed
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" Fig.2. Passive prossure mobilisation va displacenct _

6 deoay 10 2666 Valug duo to the passive resistane of the aacth. il ea the tail race side. The
displacement for a pulse is evalusted by equating the work done by the passive Tepistance to
* the maximum kinetic energy of the foundation block. The oot displacement is obtained as
- the algebraic sum of all such displacements. Since the passive resistance on the head race
side is considerably larger when compered to that on the tall race side, ¢he slippage takos
place towards the tail race side only intermittantly. _ ' :

LIMITATIONS OF THIS ANALYSHS |

The analysis considers the frictional resistance at the base only and neglects the contri-
bution of the soil resistance on the ¢/t side in eviltating the yield acceleration; and hence ijn
the assessment of the damage pofemtial ohtaliiad by integrating the acceleration curve, say
from time t, to t, (Figure 3). In evaluating the displacement, the kinetic energy due to the
peak velocity, V,, at the time t,, is presumed to bo resistad by the soil resistance alone. In
reality, the frictional resistance a4 thy base also provides some-resistance. which is not accounted
for aud this base resistance cquid be significant. When the passiva\soil resistance on the d/i
sido is negligible, this anglysis tends to over-estimate the computed:displacements leading to
a conservative design. o : : v

The method does not éxpli_eitly"perfam‘ the integeation of the veib'cit’y curve to obtain
the displacements. As gych, the diiplacement sontribytad by the integration of each - velocity
. lobeupto the peak velocity is not included in the computed displacements. This tends to under.
. esmate the.displacoments which. isundesicablo, . - o ,
" Thus, the efror in neglecting the passive soil esistadce in estimating the yisld acosleratios

- and'i egloccing the base fician i, ahasining 1ho aet dsplace sent 1and 10 compensate tha

£



Seismic Displacement Analysis for Surface Hydel Power Stations in Cohesionless Soills 127
due to the commission of the integration of the initial portion of the velocity curve. It is
difficult to estimate the net error introdgoed, which depends on the nature of the problem
being analyzed.” A rational method considering more realistic actuating and resisting forces -
is proposed. : . '
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Fig, 3. Acceleration/velocity/displacement vs tims
(Nandakumaran and Mukorjee, 1978)

PROPOSED METHOD = -

A schematic diagram for the foundation system considered is shown in the Figure 1.

The disturbing forces due to the inertia of the mass of the structure and its contents, the earth

force towards the tail race side due to the earth fill and the surcharge resting on it, the inertia

forces due to structures not resting on the foundation directly but their inertia forces act on

the structure and all other forces with components in thé tail race direction are computed for

“Vérious values of horizontal acceleration coefficients. The net disturbing force, F,, is expressed
as a function of the acceleration coefficient, «, as is shown in the Figure 4. - : :

To determine the initial yield acceleration, the value of F, at @=0is read from the
Figure 4. Assuming the earth pressure due to at rest condition on the tail race side, the
normal reéaction on thé foundation is calculated considering all forces acting on the founda-
tion, for =0 condition. From this, the resisting force, F,, due to the frictional resistance
at the base and the at rest earth pressure resistance on the tail race side, can be obtained.
_The yield acceleration (initial), A,,, is obtained by reading the value of « from the Figure 4,
for which the driving force, F,, equalsthe resistance force, F,. :

‘Using this value of A,,, the peak velocity for the first pulse of the damage potential is

_ obtained by integrating the design accelerogram outside the threshold of A,, acting towards
“the u/fs side. This velocity pulse upto the instant of the peak velocity, V,,, is further integrated
with respect to the time to get the displacement at that instant.  Using this value of displace-
ment, the corresponding passive earth foree on the tail race side is obtained from the Figure 2
and thus obtained is the corresponding new value of the resisting force, Fr, which dissipates



.M the mass of the soil in the active failare wedge an.-the s §ido and the sirchargs resting on

it. The ferm F.and dV in this exprossion aze the resting ftde, |
respectively. - Substifuting thess values, 3t may be expressed gz

. mVplFr P ST o

+- The tesisting forcés may bo presustied to bé constant over. the time petiod, 3t, even though -

- thoy may actually vary. The assumption envisages-a livear viriation of the velocity from the

- peak valus, Vi, to zero. ‘The velocity curve for the duration, 3t s integrated to obtain the
 incremental displacement and bence the-net: displacsment. Using this vafue of ‘the displace- .
‘ment new values of the ressting force and the corresponding yield ' acceloration are deterrmined .
fromtheFigured. - - .o oA o T S
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© . RESISTING FORCE LR, dmem
. DISTURBING FORCE (F, ) ~= _

. ACCELERATION cb';s:ffu':en'f_. (d1+
: . Fig.4 Redﬁufnmwmwon cooficicat
. The proseduro is- repeated for the ‘entire duration of the desiga acoelerogram. The
" acceleration, velocity and the. displacement ¢urves will be similar to those shown ig the Figure 5,

[ ;

ADVANTAGES OF THE PROPQSED METHOD

. The base, frictional resistagos as. woil a8 thie passive. carth resistace.on the tail raice side
. Ao included in the estimatiog of the yiekdt accel ration.and. the time, and hencethe incromental
. displpcemient, in which-the peak velocity is dissipated, . This is-a,more, setional - and- logical G
2pproach. -The inclusion of Wassof the active wedgp a1 the surcharge on. it . is yet another.
- improvement. If these quantitios ate not included in the calen ation for tite mass-term in the-
-+ Equation (2), unsafo estimates of the.computed displacements will result, Simitarly obtaining.




Seismic.Displacement Mys&s Jor Surface Hydel Power- Stations in Cohesionless Soils F 129

displacemients by mtegraxins the velocity curve is a more appropriate method than oomputlng
the same from the passive resistance alone.
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Fig. 5. Acceleration/velocity/displacement vs time
CONCLUSIONS

 Though the concept of displacement analysis was initiated by Newmark (1965), not much
work has been done on the plastic displacement analysis of foundations. The method pro-
posed by Nandakumaran and Mukerjee (1$78) does not consider an increase in the resisting
forces within the velosity pulse duration. Tt also neglects the constribution of the base friction
in dissipating the peak velocity. Nor does it account for the mass of the soil in the active
wedge on the u/s side or the surcharge resting on it in estimating the kinetic energy, based on
which the displacements are evaluated. The exact nature of the influence of these errors on
the final value of the computed displacement would be difficult to assess because it depends on
the nature of the particular problem.

The proposed method rationalizes all these short comiags of the above cited method.
Estimation of a modified resisting force at the instant of the peak velocity, consideration of
the frictional as well as the earth pressure forces in the velocity disspation and the inclusion
of the mass of the active wedge and the surcharge resting on it improves the quality of the
analysns

. BIBLIOGRAPHY

1. Goodman, RE. and Sced, H.B., (1964) “Earthquake Induced Displacements in Sand
Embankments”, Journal of ASCB Soil Mech. and Fdn. Div., SM-2, pp 125-146,

2. I8, Code 4227 (1970) “Indian Standard Code of Practice for Structural Design of Surface
Hydel Power Station, Part ITI, Substructure”.



30 Bulletinof the Indian Society of Earthyuake Technology

. 3. Lavania, B.V.K,, (1972) “Seismic Stability of Cobesionless Sofls”, M.E, Theals, Deptt.
of Civil Engg., University of Roorkee, Roorkee. Lo '

4. Mitra, P.K., (1970) «A Model Study on Cohesionless Slope During Vibration”, M.E.
Thesis, Dept. ‘of Earthquake Engg., University of Roorkee, Roorkee.

3. Nandakumaran, P. and Mukerjee, S., (1978) “Scismic Stability of Surface Hydel Power
Station Substructure”, VI Symp. on Earthquake Engg., University of Roorkee,
Roovkes Vol. I, pp 289-293. . .

6. Newmark. N.M., (1965) “Effects of Earthquakes on Dams and Embankments*’,

‘ Geotechnique, Vol. XV, pp 139-160, :

7. Seed, A.B. and Goodman, R.E., (1964) “Earthquake Stability of Slopes in Cohesionless
Soils”, Journal of ASCE, Soil Mech, aud Fdn, Div,, SM-6, pp 43-73.



